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(54) Radio frequency module and method for fabricating the radio frequency module 



(57) The radio frequency module of the present 
invention includes an insulating substrate having a first 
metal film on a first principal surface thereof and a sec- 
ond metal film on a second principal surface thereof 
opposed to the first principal surface and a semiconduc- 

FIG. 1B 



tor device. The semiconductor device is thermally and 
electrically coupled to the second metal film, and a 
thickness of the second metal film is larger than that of 
the first metal film. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a radio frequency 
module operating at a frequency of several hundred 
MHz or higher and a method for fabricating ihe same. 
More particularly, the present invention relates to a 
radio frequency module including active elements (such 
as transmission power -transistors) mounted on a 
printed circuit board and a method for fabricating the 
same. 

2. DESCRIPTION OF THE RELATED ART: . 

A typical "radio frequency module" implements a 
compact radio frequency circuit by mounting principally 
various chip components at a high density on a printed 
circuit board of a small size: Specifically, a radio fre- 
quency module includes various active elements such 
as transmission power transistors and various kinds of 
small -sized passive elements or chip components such 
as resistors, capacitors and inductors. Both the active 
elements and the passive elements are mounted on a 
printed circuit board on which transmission lines such 
as microstrip lines have been formed. A radio frequency 
module operates at a frequency of several hundred 
MHz or higher and is typically used as a transmission 
section for various kinds of mobile communication units 
such as transceivers, cellular phone units and the like. 

A radio frequency module used as a transmission 
section generally implements a two-stage or three- 
stage radio frequency power amplifier circuit including a 
plurality of field effect transistors (hereinafter, simply 
referred to as "FETs''). The impedance of a radio fre- 
quency module viewed from an external circuit at the 
terminal thereof for inputting/outputting a radio fre- 
quency signal therethrough is adjusted to be* 50 Q and 
a direct current bias circuit is incorporated therein: 

A prior art metal base substrate for a radio fre- 
quency module is described, for example, in Japanese 
Laid-Open Patent Publication No. 3-272189. The metal 
base substrate described in this patent publication 
includes an insulating film, and a metal plate and a 
sheet of conductive metal foil which are adhered to both 
surfaces of the insulating film. 

Also, a prior art radio frequency module is 
described, for example, in Japanese Laid-Open Patent 
Publication No. 5-95236. Figure 13 is a schematic 
cross-sectional view of the radio frequency module 
described in this patent publication. The radio frequency 
module shown in Figure 13 includes a circuit board 
1310 and a semiconductor "device 1320 which have 
been mounted on a radiator plate 1 300 by means of sol- 
dering. The circuit board 1310 has a multi-layer struc- 
ture of a metal film 1312, a resin substrate 1314 and 



another metal film 1316. A solder layer 1330 connects 
- the circuit board 1310 and the semiconductor device 
1320 to the radiator plate 1300, respectively. 

The semiconductor device 1320 includes: an FET 
s chip 1 322; a package metal base 1 323; a ceramic frame 
1324; electrodes 1325; a source wire 1326; a gate wire 
1327; a drain wire 1328; and lead terminals 1329. 

The heat generated from the FET chip 1322 is 
passed through the package metal base 1323 and the 
io solder layer 1330 to be transmitted into the radiator 
plate 1300. 

In order to fabricate the radio frequency module 
shown in Figure 13, the circuit board 1310 and the sem- 
iconductor device 1320 must be individually soldered to 

15 . the radiator plate 1300. Thus, the radio frequency mod- 
ule shown in Figure 1 3 has a problem in that the number 
of required process steps is increased. Also, the lead 
terminals 1329 must be connected to the circuit board 
1310 of an individual module. 

20 Furthermore, the radio frequency module shown in 
Figure 13 cannot be tested until the radiator plate 1300 
has been mounted. This is because the characteristics 
of the FET chip 1322 in an operation state are required 
to be tested under the same conditions as the condi- 

25 tions where the radio frequency module is actually used 
or the state where the radiator plate 1300 has already 
been mounted. However, in order to mount the radiator 
plate 1300 onto the radio frequency module, the circuit 
board 1310 having a small area corresponding to an 

30 individual radio frequency module must be cut out from 
a circuit board having a larger area corresponding to a 
plurality of radio frequency modules. Consequently, a 
prior art radio frequency module cannot be tested 
before the circuit board 1310 for an individual radio fre- 

35 quency module is cut out from the larger sized circuit 
board. Thus, the radio frequency module can be tested 
only after the individual radio frequency module is com- 
pleted. Therefore, in accordance with the conventional 
technologies, multiple radio frequency modules on an 

40 identical large-sized circuit board 1 310 cannot be tested 
simultaneously. 

As described above, since the conventional radio 
frequency module cannot reduce the number of neces- 
sary components and the number of necessary process 

45 steps, the reduction in size and cost of a single module 
and the automatic fabrication of the modules cannot be 
realized. 

SUMMARY OF THE INVENTION 

50 

The radio frequency module of the present inven- 
tion includes an insulating substrate having a first metal 
film on a first principal surface thereof and a second 
metal film on a second principal surface thereof 
55 . opposed to the first principal surface and a semiconduc- 
tor device. In the radio frequency module, the semicon- 
ductor device is thermally and electrically coupled to the 
second metal film, and a thickness of the second metal 
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film is larger than that of the first metal film. 

In one embodiment, the radio frequency module 
further includes an opening extending through the first 
metal film and the insulating substrate, and the semi- 
conductor device is thermally and electrically coupled to 
the second metal film located inside the opening. 

In another embodiment, the radio frequency mod- 
ule further includes a via hole for thermally and electri- 
cally coupling the first metal film to the second metal 
film, and the semiconductor device is thermally and 
electrically coupled to the second metal film through the 
via hole. 

In still another embodiment, the thickness of the 
first metal film is from about 10 to about 100 urn, 
both inclusive, and the thickness of the second metal 
film is from about 100 urn to about 1.000 jim, both inclu- 
sive. 

In still another embodiment, the thickness of the 
first metal film is from about 30 |im to about 50 ^m, both 
inclusive, and the thickness of the second metal film is 
from about 200 urn to about 300 pm, both inclusive. 

In still another embodiment, the first metal film or 
the second metal film includes a multi-layer structure of 
copper/nickel/gold layers or a multi-layer structure of 
copper/titanium/gold layers. The copper/nickel/gold lay- 
ers and the copper/titanium/gotd layers are stacked 
such that distances from a center in a thickness direc- 
tion of the second metal film to the copper/nickel/gold 
layers and the copper/titanium/gold layers increase in 
this order. 

In still another embodiment, the semiconductor 
device is sealed inside a package. 

In still another embodiment, the semiconductor 
device is a bare chip. 

In still another embodiment, the semiconductor 
device is mounted on a metal block. 

In still another embodiment, the semiconductor 
device is coupled to the second metal film thermally at a 
heat resistance of about 3°C/W. or less and electrically 
at an electrical resistance of about 1 Q or less. 

In still another embodiment, the second metal film 
is patterned. 

In still another embodiment, at least a part of the 
patterned second metal film is electrically coupled to the 
first metal film through a via hole. 

According to another aspect of the present inven- 
tion, a method for fabricating a radio frequency module 
is provided. The method includes the steps of providing 
an opening through an insulating substrate and a first 
metal film, the insulating substrate having the first metal 
film formed on a first principal surface thereof and a sec- 
ond metal film formed on a second principal surface 
thereof opposed to the first principal surface, a -thick- 
ness of the second metal film being larger than that of 
the first metal film, and coupling. thermally -and electri- 
cally a semiconductor device to the second metal film 
located inside the opening. 

In one embodiment, the method includes the steps 



of: thermally and electrically coupling the semiconduc- 
tor device to the second metal film located inside the 
opening in an undivided substrate in which a plurality of 
said insulating substrates are combined; performing a 

5 test or an adjustment of characteristics of each of a plu- 
rality of radio frequency modules formed on the plurality 
of insulating substrates while the undivided substrate is 
still undivided and after the step of coupling; and divid- 
ing the undivided substrate into the plurality of insulating 

10 substrates after the step of performing the test or the 
adjustment. 

In. another embodiment, the method includes the 
steps of: thermally and electrically coupling the semi- 
conductor device to the second metal film located inside 
is the opening in an undivided substrate in which a plural- 
ity of said insulating substrates are combined; mounting 
shield members onto the plurality of insulating sub- 
strates while the undivided substrate is still undivided 
and after the step of coupling; and dividing the uridi- 
ne vided substrate into the plurality of insulating substrates 
after the step of mounting the shield members. 

In still another embodiment, the step of thermally 
and electrically coupling the semiconductor device to 
the second metal film located inside the opening 
25 includes a step of mounting the semiconductor device 
onto the second metal film via solder. 

In still another embodiment, the step of providing 
the opening includes the steps of: opening a hole 
through the first metal film and the insulating substrate; 
30. selectively applying an adhesive onto any of the first 
metal film, the insulating substrate and the second 
metal film in accordance with a distance from an edge 
portion of the opened hole; and attaching theiirst metal 
film, the insulating: substrate and the second metal film 
35 to each other. - 

In still another embodiment, the step of providing 
the opening includes the steps of: attaching the first 
metal film, the insulating substrate and the second 
metal film to each other; and opening a hole through the 
40 first metal film and the insulating substrate after the step 
of attaching. 

According -to still another aspect of the present 
invention, a method for fabricating a radio frequency 
module is provided. The method includes the steps of 

45 providing a via hole through an. insulating substrate hav- 
ing a first -metal film formed on a first principal surface 
thereof and a, second metal film formed on a second 
principal surface thereof opposed to the first principal 
surface, a thickness of the.: second metal film being 

so larger than that : of the first metal .film, the via hole cou- 
pling thermally and,electrically the first metal film to the 
second metal film, -and thermally, and electrically cou- 
pling -a semiconductor dieyice to the first metal film. 
■ r. ; . Jn-.one embodiment, the. method includes the steps 

55,-. of: :thermally;and. electrically-coupling the semiconduc- 
tor-device to the first metal film in an undivided substrate 
in which a plurality of said insulating substrates are 
combined; performing a test or an adjustment of charac- 
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teristics of each of a plurality of radio frequency mod- 
ules formed on the plurality of insulating substrates 
while the undivided substrate is still undivided and after 
the step of coupling; and dividing the undivided sub- 
strate into the plurality of insulating substrates after the 5 
step of performing the test or the adjustment. 

In another embodiment, the method includes the 
steps of: thermally and electrically coupling the semi- 
conductor device to the first metal film in an undivided 
substrate in which a plurality of said insulating sub- w 
strates are combined; mounting shield members onto 
the plurality of insulating substrates while the undivided 
substrate is still undivided and after the step of coupling; 
and dividing the undivided substrate into the plurality of 
insulating substrates after the step of mounting the rs 
shield members. 

In still another embodiment, the step of thermally 
and electrically coupling the semiconductor device to 
the first metal film includes a step of mounting the sem- 
iconductor device onto the first metal film via solder. 20 

Thus, the invention described herein makes possi- 
ble the advantage of providing a radio frequency mod- 
ule and a method for fabricating the same which can 
reduce the number of required components and the 
number of required process steps for fabricating a 25 
smaller size individual module and is suitable for an 
automated operation test using machinery. 

This and other advantages of the present invention 
will become apparent to those skilled in the art upon 
reading and understanding the following detailed 30 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A is an enlarged plan view of the radio fre- 35 
quency module of the present invention as seen from 
above the principal surface thereof. 

Figure 1 B is an enlarged cross-sectional view of the 
radio frequency module of thie'present invention. 

Figure 2 A is an enlarged plan view of the radio fre- 40 
quency module of the present invention as seen from 
above the principal surface thereof. 

Figure 2B is an enlarged cross-sectional view of the 
radio frequency module of the present invention. 

Figure 3A is an enlarged plan view of the radio fre- 45 
quency module of the present invention as seen from 
above the principal surface thereof. 

Figure 3B is an enlarged cross-sectional view of the 
radio frequency module of the present invention. 

Figures 4A through 4D are views showing an exem- so 
plary set of steps of a method for fabricating the printed 
circuit board 1 shown in Figures 1 A and 1 B. 

Figures 5A through 5C are views showing another 
exemplary set of steps of-a method for'fabricating the 
printed circuit board r shown in' Figures i A and 1 B. * 55 ' 

Figure 6A is a plan view of* the radio frequency 
module of the present invention as seen from above the 
principal surface thereof. 



Figure 6B is a plan view of the radio frequency 
module of the present invention as seen from above the 
back surface thereof. 

Figure 6C is a cross-sectional view taken along the 
line VIC-VIC shown in Figure 6A. 

Figure 6D is a cross-sectional view taken along the 
line VID-VID shown in Figure 6A. 

Figure 7A is a plan view of the radio frequency 
module of the present invention as seen from above the 
principal surface thereof. 

Figure 7B is a cross-sectional view taken along the 
line VIIB-VIIB shown in Figure 7A. 

Figure 8A is a plan view of the radio frequency 
module of the present invention (on which a semicon- 
ductor device has not been mounted yet) as seen from 
above the principal surface thereof. 

Figure 8B is a plan view of the radio frequency 
module of the present invention as seen from above the 
back surface thereof. 

Figure 8C is a plan view of the radio frequency 
module of the present invention (on which the semicon- 
ductor device has already been mounted) as seen from 
above the principal surface thereof. 

Figure 8D is a cross-sectional view taken along the 
line VIIID-VIIID shown in Figure 8C. 

Figure 9A is a plan view of the semiconductor 
device 400 to be mounted onto the printed circuit board 
1 shown in Figures 8A and 8B as seen from above a 
side opposite to a side including a ground electrode on 
the back surface of a package. 

Figure 9B is a plan view of the semiconductor 
device 400 to be mounted onto the printed circuit board 
1 shown in Figures 8A and 8B as seen from above the 
side including the ground electrode on the back surface 
of the package. 

Figures 10A through 10F are views showing the 
process steps of a method for fabricating the radio fre- 
quency module of the present invention. 

Figure 1 1 is a plan view of a tester substrate 160 as 
seen from above a surface on which an undivided circuit 
board 100 is placed. 

Figure 12A is a view showing another exemplary 
substrate used for testing the radio frequency module. 

Figure 12B is a cross -sectional view illustrating the 
testing of the radio frequency module. 

Figure 13 is a schematic cross-sectional view 
showing a conventional radio frequency module. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

. Hereinafter, the embodiments of the present inven- 
tion will be described with reference to the accompany- 
ing drawings, in which the same reference numerals 
denote the same components. 

Tne radio frequency module of the present inven- 
tion is typically used at a frequency of several hundred 
MHz or higher and preferably within the 800 MHz band. 
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The radio frequency module to be described below 
implements a two-stage radio frequency amplifier circuit 
using two FETs. However, the circuit and the circuit con- 
figuration to which the present invention is applicable 
are not limited thereto. It should however be noted that 
the radio frequency module of the present invention can 
attain more remarkable effects when the radio fre- 
quency module is implemented as a circuit including a 
heat generating element 

OUTLINE OF THE INVENTION 

Hereinafter, the principles of the present invention 
will be briefly described- The radio frequency module of 
the present invention includes a printed circuit board 
and various elements mounted thereon. A circuit pat- 
tern for connecting respective components, is provided 
for the printed circuit board. The printed circuit board 
has a "principal-surface metal film" on which the respec- 
tive components are mounted and a "back-surface 
metal film", almost all the area of which is occupied by a 
ground pattern, to which a ground potential is applied. 
The principal-surface metal film and the back-surface 
metal film are typically metal films mainly made of cop- 
per (i.e., so-called "copper foil") and are attached onto 
both surfaces of an insulating substrate. According to 
the present invention, the thickness of the back-surface 
metal film is larger than that of the principal-surface 
metal film. Some of the components which are mounted 
on the pattern surface and generate heat are thermally 
and electrically coupled to the back-surface metal film 
having a larger thickness. As a result, the back-surface 
metal film of the printed circuit board absorbs the heat 
"generated from the components. 

The thermal and electrical coupling between the 
heat generating components and the back-surface 
metal film is realized, for example, in any of the following 
manners: 

(i) An opening is provided so as to extend through 
the principal-surface metal film and the insulating 
substrate and various components are mounted 
(e.g., soldered) onto the upper surface of the back- 
surface metal film which has been exposed inside 
the opening. The heat generating components are 
thermally and electrically coupled to the back-sur- 
face metai film via the solder layer. 

(ii) Various components are mounted (e.g., sol- 
dered) onto the upper surface of the principal-sur- 
face metal film and the principal-surface metal film 
on which the components have been mounted is 
connected to the back-surface metal film through 
via holes or the like. The* heat generating compo- 
nents are thermally and electrically coupled- to the 
back-surface metal film by the solder layer, the prin- 
cipal-surface metal film and the via holes. 



In both of the cases (i) and (ii). it is no longer neces- 
sary to provide a radiator plate for a radio frequency 
module. Effects like downsizing a module and reducing 
the number of required process steps can be attained. 

5 

EXAMPLE 1. 

Figure 1 A is an enlarged plan view of the radio fre- 
quency module of the present invention as seen from 

io above the principal surface thereof. Figure 1B is an 
enlarged cross-sectional view of the radio frequency 
module of the present invention. 

The radio frequency module of the present inven- 
tion includes a printed circuit board 1 . The printed circuit 

15 board 1 includes: an insulating substrate 30; a metal 
film 10 formed on the principal surface of the insulating 
substrate 30; and a metal film 20 formed on the back 
surface facing the principal surface. The thickness of the 
metal film 20 is larger than that of the metal film 10. The 

20 metal films 10 and 20 are typically made of copper but 
may be made of any other metal materia! so long as the 
metal material has a sufficiently low electrical resist- 
ance. The insulating substrate 30 is typically made of a 
glass epoxy resin. However, the material usabie for the 

25 insulating substrate 30 is not limited thereto but includes 
teflon and other -resins such as a paper-based epoxy 
resin. 

The printed circuit board 1 has an opening 50 pro- 
vided through the metal film 10 and the insulating sub- 

30 strate 30. As shown in Figure 1A, a part of the. upper 
surface cf the metal film 20 is exposed inside the open- 
ing 50 and a semiconductor chip 40 is mounted on the 
exposed part of the surface of the metal film 20. 

The semiconductor chip 40 is mounted in a bare 

35 chip manner, i.e., in a state where the semiconductor 
chip 40 has not been sealed inside a package yet. The 
bare chip mounting technique.can reduce the thickness 
of the radio frequency module. The semiconductor chip 
40 is die bonded onto the surface of the metal film 20 

40 inside the opening 50 by means of soldering. Thus, the 
semiconductor chip 40 is thermally and electrically cou- 
pled to the metal film 20 by a solder layer 42. As a result, 
a ground potential or the like can be applied to a prede- 
termined terminal, of the semiconductor chip 40 and the 

45 heat generated, by the semiconductor chip 40 can be 

• dissipated into the metal film 20. Preferably, the semi- 
conductor chip 40. is coupled to the metal film 20 ther- 
mally at a heat resistance, of about 3°CA/V or less, and 
electrically at an .electrical resistance of about 1 Q or 

so less. - 

Since the frequency selected for operating the radio 
frequency module is several hundred MHz or higher, the 
thickness of the:metal film 10 is preferably about 10 urn 

* or mor^Jn order to prevent the inductance from being 
55 .Increased owing to the skin, effects, and preferably less 
. • than about 100 |im in order to form a fine pattern suita- 
ble for a radio frequency circuit. thereon. More prefera- 
bly, the thickness of the metal film 10 is . in an 



5 



9 EPO 

approximate range from about 30 urn to about 50 pm, 
both inclusive. 

In order to attain sufficient radiation effects, the 
thickness of the metal film 20 is preferably about 1 00 
or more. On the other hand, in order to form a pattern for 
providing external connection terminals on the metal 
film 20, the thickness of the metal film 20 is preferably 
1000 ^im or less. More preferably, the thickness of the 
metal film 20 is in an approximate range from about 200 

to about 300 pm, both inclusive. * 

The drain, gate and source of the semiconductor 
chip 40 are wire bonded to a predetermined circuit pat- 
tern and the like via drain wires 44, a gate wire 45 and 
source wires 46. The wire bonding is performed by a 
generally used wire bonder. 

The radio frequency module of the present inven- 
tion shown in Figures 1 A and 1 B includes the metal film 
20, having a thickness large enough to dissipate the 
heat generated from the semiconductor chip 40, on the 
back surface of the printed circuit board 1. Asa result, 
since a radiator plate is no longer necessary, the 
number of required components and the size can be 
reduced. 

It is noted that resin may be filled into the opening 
50 so as to cover the semiconductor chip 40 in a bare 
chip state therewith. 

Figure 2A is an enlarged plan view of the radio fre- 
quency module of the present invention as seen from 
above the principal surface thereof. Figure 2B is an 
enlarged cross-sectional view of the radio frequency 
module of the present invention. The radio frequency 
module shown in Figures 2A and 2B is different from the 
radio frequency module shown in Figures 1A and 1B in 
that the former radio frequency module includes a pair 
of stacked meta! films 1 1 and 12 on the upper surface of 
the metal film 1 0, a pair of stacked metal films 21 and 22 
on the exposed upper surface of the metai film 20 and a 
pair of stacked metal fiims 23 and 24 on the lower sur- 
face of the metal film 20. 

The metal films 1 1 , 21 and 23 are nickel or titanium, 
and the metal films 12, 22 and 24 are gold. By forming 
these stacked metal films on the meta! films 10 and 20, 
the bonding using the drain wires 44, the gate wire 45 
and the source wires 46 can be performed more easily. 

Figure 3A is an enlarged plan view of. the radio fre- 
quency module of the present invention as seen from 
above the principal surface thereof. -Figure 3B is an 
enlarged cross-sectionai view of the radio frequency 
module of the present invention.. The radio frequency 
module shown in Figures 3A and 3B Is different from the 
radio frequency module shown in Figures 1 A and 1 B in 
that the semiconductor chip 40 of the former radio fre- 
quency module is die bonded to a metal block. 41 by 
means of soidering, and the metal block -.41 is die 
bonded to the' metal film 20 by means' of soldering.. !n 
the same way as in the radio frequency module shown 
in Figures 1Aand 1B, the semiconductor chip 40 is 
preferably coupled to the metal film 20 thermally at a 
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heat resistance of about 3°C/W or less, and electrically 
at an electrical resistance of about 1 Q or less. 

In Figures 3A and 3B, a single semiconductor chip 
40 is mounted on the metal block 41 . Alternatively, a 

5 plurality of semiconductor chips 40 may be mounted 
thereon. In such a case, first, a plurality of semiconduc- 
tor chips 40 are mounted on the metal block 41 . There- 
after, the metal block 41 is mounted on the metal film 
20, thereby improving the mounting efficiency. 

io Figures 4A through 4D are views showing an exem- 
plary set of steps of a method for fabricating the printed 
circuit board 1 shown in Figures 1 A and 1B. 

First, in a step shown in Figures 4A, a metal film 10 
and an insulating substrate 30 are. attached to each 

is other via an adhesive. 

Next, in a step shown in Figure 4B, an opening 50 
is formed by punching the metal film 10 and the insulat- 
ing substrate 30 which have been attached to each 
other. 

20 Subsequently, in a step shown in Figure 4C, a metal 
film 20 is attached via an adhesive to the insulating sub- 
strate 30 through which the opening 50 has been 
formed, and a via hole 32 (to be described below) is 
formed for electrically coupling the metal film 10 to the 

25 metal film 20. 

Figure 4D is a plan view of the lower surface of the 
insulating substrate 30 showing the range within which 
the adhesive is applied thereto as seen from the metal 
film 20. The adhesive to be applied between the insulat- 

30 ing substrate 30 and the metal film 20 shown -in Figure 
4C for attaching them to each other is preferably applied 
at the hatched portion shown in Figure 4D. In other 
words, it is preferable to apply the adhesive selectively 
in accordance with the distance d from the edge portion 

35 52 of the opening 50. More specifically, it is preferable 
not to apply the adhesive to the range within which the 
distance d from the edge portion 52 is smaller than a 
predetermined value. The distance d is preferably in the 
range from about 2 mm to about 3 mm, both inclusive. 

40 Figures 5A through 5C are cross-sectional views 
showing another exemplary set of steps of a method for 
fabricating the printed circuit board 1 shown in Figures 
1Aand1B. 

First, in a step shown in Figures 5A, a metal film 10 
45 and an insulating substrate 30 are attached to each 
other with an adhesive. 

Next, in a step shown in Figures 5B, a meta! film 20 
and the insulating substrate 30 are attached to each 
other with an adhesive. 
so . Subsequently, in a step shown in Figure 5C, a por- 
tion of the attached metal film 10 and insulating sub- 
- strate 30 is cut out to such a depth as to expose the 
.upper surface of the metal film 20, thereby forming an 
: opening 50. Then, a via hole 32 for electrically coupling 
■55,. . these;metal films 10 and 20 is formed. 
>• Figure 6A is a plan view of the radio frequency 

module of the present invention as seen from above the 
principal surface thereof. Figure 6B is a plan view of the 
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radio frequency module of the present invention as seen 
from above the back surface thereof. Figure 6C is a 
cress -sectional view taken along a line VIC-VIC shown 
in Figure 6A. Figure 6D is a cross-sectional view taken 
along a line VID-VID shown in Figure 6A. 

As shown in Figure 6A, a metal film 10 patterned by 
etching for forming a radio frequency circuit is provided 
on the principal surface of the printed circuit board 1 . 
The thickness of the metal film 10 is about 40 urn, for 
example. 

Various chip components 48 such as resistors and 
capacitors are mounted onto the metal film 10 by means 
of soldering. 

Semiconductor chips 40 are die bonded by means 
of soldering onto the surface of metal film 20 which has 
been exposed inside the openings 50. The terminals of 
the semiconductor chips 40 are electrically connected 
to the metal film 10 or the pattern on the principal sur- 
face by means of wire bonding. The semiconductor 
chips 40 are, for example, an anterior-stage FET and a 
posterior-stage FET forming a two-stage amplifier cir- 
cuit. However, the circuit configuration, the type of the 
elements and the number of the elements are not lim- 
ited to those exemplified in Figure 6A. Nevertheless, it 
should be noted that the present invention is particularly 
effective when the semiconductor chips 40 generate 
heat. 

A part of the nodes of the radio frequency circuit, 
i.e., a part of the pattern of the metal film 10, is electri- 
cally connected to the metal film 20 through the via 
holes 34 filled with metal. As a result, a ground potential 
is appiied to the nodes. 

A metal film 20 on which a ground pattern is formed 
is provided so as to occupy a large area on the back sur- 
face of the printed circuit board 1. By etching and 
thereby electrically isolating a part of the metal film 20 
from the ground pattern, patterns Min, M1 and Mout 
used for connecting the radio frequency module to 
external circuits are formed. The patterns Min, WM and 
Mout for connection with external circuits (hereinafter, 
such patterns will be referred to as "external connection 
patterns") are used for connecting the radio frequency 
module to the mother circuit board of a mobile commu- 
nication unit, for example. The via holes 32 are used for 
connecting the external connection patterns Min, M1 
and Mout to the pattern of the metal film 10 on the prin- 
cipal surface. 

In Figure 6B, the external connection pattern Min 
receives a radio frequency signal and the external con- 
nection pattern Mout outputs a radio, frequency signal 
amplified by the radio frequency module. For example, 
when the semiconductor chips 40 are FETs, the exter- 
nal connection patterns M1 receive a direct current bias 
voltage to be supplied to the gates and the, drains 
thereof and then supply the voltage to the semiconduc- 
tor chips 40. The types, the numberand the positions of 
the external connection patterns Min, M1 and Mout on 
the back surface of the printed circuit board 1 are not 



limited to those illustrated in Figure 6B but may be mod- 
ified in accordance with the type of an external circuit to 
which the radio frequency module is connected. 
According to the present invention, by providing the 

5 external connection patterns Min, M1 and Mout on the 
back-surface metal film 20, an effect can be attained in 
that it is no longer necessary to separately provide lead 
terminals. In addition, since the metal film 20 has a suf- 
ficiently large thickness, another effect can also be 

70 attained in that a stable electrical connection with an 
external circuit can be maintained. Since the lead termi- 
nals are no longer necessary, the area which has con- 
ventionally been reserved for mounting the lead 
terminals in prior art radio frequency modules can be 

75 omitted and a step for mounting the lead terminals can 
be omitted during the fabrication thereof. 

In the radio frequency module of the present inven- 
tion, a radiator plate and lead terminals which have 
beer: indispensable for conventional radio frequency 

20 . modules are no longer necessary. As a result, the 
number of required components can be considerably 
reduced and the space reserved on the printed circuit 
board for mounting the radiator plate and the lead termi- 
nals can be eliminated. Consequently, the radio fre- 

25 quency module can be downsized and the number of 
fabrication process steps thereof can be reduced. Fur- 
thermore, according to the present invention, since a 
semiconductor device in a. bare chip state, can be 
directly die bonded onto the bottom of the opening of 

30 the printed circuit board, both the area and the thick- 
ness of the radio frequency module can be reduced. 

Figure. 7A is a plan view of the radio frequency 
module of the present invention as seen from above the 
principal surface thereof. Figure 7B is a cross-sectional 

35 view taken along the line VIIB-VIIB shown in Figure 7A. 
The radio frequency module of the present invention 
shown in Figures 7A and 7B is different from the radio 
frequency module shown in Figures 6A to 6D in that the 
semiconductor chips 40 of. the former radio frequency 

40 module are not-mounted onto the printed circuit board 1 
in a bare chip state, but after each of the semiconductor 
chips 40 has been*sealed inside a package. 

A semiconductor device 400 includes a semicon- 
. ductor chip 40 therein. The semiconductor chip 40 is 

45. directly die bonded onto a package metal base 402. A 
ceramic frame 404 is formed on the package metal 
base 402: Electrodes 406 are formed on the ceramic 
frame 404 and package lead terminals 408 are provided 
so as to be electrically connected to the electrodes 406. 

so Though not shown ;in figure- 7B, the terminals of the 
. semiconductor chip 40 are electrically connected to the 
electrodes 406: by means of wire bonding. The semicon- 
ductor device 400 is : sealed with a resin such that the 
-5.- . internal, circuit components can be protected. 
* : 55... ■ • In;: this: way, the 'radio, frequency module of the 
./ present .invention is applicable net only to a semicon- 
ductor device in a bare chip state but also to a semicon- 
ductor device sealed inside a package, in the latter 
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case, the same effects as those described above can 
also be attained. 

EXAMPLE 2 

In the second example of the radio frequency mod- 
ule of the present invention, a semiconductor device is 
mounted on a principal-surface metal film. In this exam- 
ple, when heat generating semiconductor devices are 
mounted on the principal-surface metal film-formed on a 
printed circuit board, the principal-surface metal film is 
thermally and electrically coupled to a back-surface 
metal film through via holes. In the radio frequency 
module according to the present invention, since the 
thickness of the back-surface metal film is larger than 
that of the principal-surface metal film, radiation can be 
efficiently performed without providing a radiator plate. 
Thus, in this second example, the semiconductor 
devices can be thermally and electrically coupled to the 
back-surface metal film without providing the openings 
of the first example through the printed circuit board. As 
a result, in addition to the effects attained by the first 
example, an additional effect can be attained in that the 
step of forming the openings can be eliminated. 

Figure 8A is a plan view of the radio frequency 
module of the present invention (on which a semicon- 
ductor device has not been mounted yet) as seen from 
above the principal surface thereof. Figure 8B is a plan 
view of the radio frequency module of the present inven- 
tion as seen from above the back surface thereof. Fig- 
ure 8C is a plan view of the radio frequency module of 
the present invention (on which the semiconductor 
device has already been mounted) as seen from above 
the principal surface thereof. Figure 8D is a cross-sec- 
tional view taken along a line VIIID-VlliD shown in Fig- 
ure 8C. 

The printed circuit board 1 of the second example is 
not provided with openings 50 of the first example but 
with via holes 38. The metal films 10 and -20 and the 
insulating substrate 30 of the printed circuit board 1 of 
the second example have the same thicknesses and 
are made of the same materials as these of the printed 
circuit board 1 of the first example. 

Figure 9A is a plan view of the semiconductor 
device 400 to be mounted onto the printed circuit board 
1 shown in Figures 8A and 8B as seen from a side 
opposite to a side including a ground electrode on the 
back surface of a package.* Figure 9B is a plan view of 
the semiconductor device 400 to be mounted onto the 
printed circuit board 1 shown in Figures 8A and-8B as 
seen from the side including the ground electrode on 
the back surface of the package.ln the second exam- 
ple, the semiconductor device 4C0 preferably has a 
ground electrode 412 on r the^back- surface' of the. pack- 
age, as shown' in Figure 9B. The semiconduetordevice 
400 further includes connection pins 414 to be con- 
nected to the metal film 10 or the pattern on the princi- 
pal surface of the printed circuit board 1 . 



The via holes- 38 shown in Figures 8 A, 8B and 8D 
thermally and electrically couple the principal -surface 
metal film 10 to the back-surface metal film 20. The 
number of the via holes 38 is not limited to three but may 

s be increased or decreased in order to obtain a desired 
heat resistance and a desired electrical resistance. 

In the semiconductor device 400, a semiconductor 
chip 40 has been molded and then sealed with a resin 
inside the package thereof. The semiconductor chip 40 

70 is connected thermally and electrically to the ground 
electrode 412 inside the package, thereby dissipating 
the heat generated from the semiconductor chip 40 to 
the outside via the ground electrode 412. The ground 
electrode 412 has been exposed on the back surface of 

75 the package sucrUhat the ground electrode 412 can be 
soldered with the principal-surface metal film 10 when 
the semiconductor device 400 is mounted onto the 
printed circuit board 1 . 
. The semiconductor device 400 is disposed on the 

20 printed circuit board 1 such that the ground electrode 
412 can be soldered with the metal film 10 in the vicinity 
of the via holes 38. As a result, the heat generated from 
the semiconductor chip 40 inside the semiconductor 
device 400 is dissipated into the metal film 20 via the 

25- ground electrode 412, the metal film 10 and the via 
holes 38. The semiconductor device 400 is preferably 
disposed such that the via holes 38 are included within 
a region of the metal film 10 which faces the ground 
electrode 412. More preferably, the semiconductor 

30 device 400 is disposed such that the via holes 38 are 
located just under the ground electrode 412. 

The semiconductor chip 40 is thermally and electri- 
cally coupled to the metal film 20 via the ground elec- 
trode 412, a solder layer (not shown), the metal film 10 

35 and the via holes 38 As a result, a ground potential, for 
example, can be applied to the predetermined terminals 
of the semiconductor chip 40 and the heat generated 
from the semiconductor chip 40 can be dissipated into 
the metal film 20. Preferably, the semiconductor chip 40 

40 • is coupled to the metal film 20 thermally at a heat resist- 
ance of about 3°C/W or less, and electrically at an elec- 
trical resistance of about 1 Q. or less. 

In the same way as in the first example, the thick- 
ness of the metal film 20 is larger than that of the metal 

45 film 10. Since the frequency selected for operating the 
radio frequency module is several hundred MHz or 
higher, the thickness of the metal film 10 is preferably 
about 10 urn or more in order to prevent the inductance 
from being increased owing to the skin effects and pref- 

50 erably less than about 100 jim in order to form a fine 
pattern suitable for a radio frequency circuit thereon. 
More preferably, the thickness of the metal film 10 is in 

* an approximate range from about 30 urn to about 50 
.*:* fim, both inclusive. - 

55 .••-*■ in order- to attain sufficient radiation effects, the 
. thickness of the metal film 20 is preferably about 100 urn 

• or more. On the other hand, in order to form a pattern for 
providing external connection terminals on the metal 
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film 20, the thickness of the metal film 20 is preferably 
1000 pin or less. More preferably, the thickness of the 
metal film 20 is in an approximate range from about 200 
to about 300 urn, both inclusive. 

Almost the entire surface of the metal film 20 on the 
back surface of the printed circuit board 1 is used as a 
ground surface, and contributes to the heat radiation 
from the semiconductor chip 40 and the stabilization of 
the radio frequency characteristics. On the other hand, 
a part of the back-surface metal film 20 is electrically 
isolated from the other part, thereby functioning as 
external connection patterns 36. The external connec- 
tion patterns 36 are electrically connected to the metal 
film 10 or the pattern on the principal surface through 
the via holes 32. The external connection patterns 36 
have the same functions as those of the external con- 
nection patterns Min, M1 and Mout of the first example. 
Thus, in the same way as in the first example, the exter- 
nal connection patterns 36 can be provided by pattern- 
ing the metal film 20 in the second example. As a result, 
there is no need of providing the lead terminals. 

Figures 8C and 8D show a state where the semi- 
conductor device 400 has been mounted on the printed 
circuit board 1 . Though the semiconductor device 400 
shown in Figures 8C and 8D includes an integrated cir- 
cuit (IC) chip therein, a separate semiconductor device 
such as an FET may also be provided instead. 

EXAMPLE 3 

Figures 10A through 10F are views showing the 
process steps for fabricating the radio frequency mod- 
ule of the present invention. 

In a step shown in Figure 10A, an undivided circuit 
board 100 for mounting a plurality of radio frequency 
modules thereon is fabricated. A plurality of circuit 
board divisions 120 are provided on the undivided cir- 
cuit board 100. Various components of a single radio 
frequency module are mounted in each circuit board 
division 120. Each circuit board division 120 corre- 
sponds to the printed circuit board 1 shown in Figures 
6A to 6D, for example. Division grooves 102 are formed 
on the surface of the undivided circuit board 100 in 
order to facilitate the division of the undivided circuit 
board 100 into the circuit board divisions 120 after the 
works performed on the radio frequency modules on the 
undivided circuit board 100 have been completed. The 
depth of the division grooves 102 is preferably about 
one-half of the thickness of the undivided circuit board 
1 00. In such a case, the division can be performed man- 
ually instead of using a machine. 

In Figure 10A, four circuit board divisions 120 are 
provided on the undivided circuit board 100. However, 
the number of the circuit board divisions 120 is. not lim- 
ited thereto. When a larger number-of circuit board divi- 
sions 120 can be formed on a single undivided circuit 
board 100, the respective steps including mounting var- 
ious components, test and adjustment of the radio fre- 



quency modules and mounting of shield members can 
be performed more efficiently. 

On the back surface of the undivided circuit board 
100, ground electrodes 104 having sufficiently large 

s areas are laid out around the plurality of circuit board 
divisions 120, thereby stabilizing the ground potential. 
As a result, when the characteristics of the radio fre- 
quency modules are tested (to be described later), the 
test can be performed more stably. 

w In a step shown in Figure 10B, the components of 
the . radio frequency- modules are mounted into the 
respective circuit board divisions 1 20. For example, the 
semiconductor chip 40 and the chip components 48 
shown in Figure 6A are mounted in each circuit board 

is division 1 20. In this step, the wire bonding for electrically 
connecting the semiconductor chip 40 shown in Figure 
6 A to the metal film 10 is also performed. That is to say, 
after the mounting step shown in Figure 10B and the 
connection of the radio frequency modules to external 

20 circuits (including testing equipment) are completed, the 
respective radio frequency modules are in an operable 
state. 

. According to the present invention, since the back- 
surface metal film 20 shown in Figure 6B radiates the 

25 heat generated from the semiconductor chip 40, the 
respective radio frequency modules can be operated on 
the undivided circuit board 100. Thus, the below- 
described, works such as test and adjustment of the 
respective radio frequency modules and mounting of 

30 shield members can be performed before the undivided 
circuit board 100 is divided into the circuit board divi- 
sions 120. 

In a step shown in Figure 10C, the undivided circuit 
board 100 is fixed on a tester substrate 160, thereby 

35 testing' and/or adjusting the radio frequency modules. 
Almost the entire region of the upper surface of the 
tester substrate 160 is occupied by a ground electrode 
162, thereby stabilizing the ground potential and con- 
necting the terminals of tfie circuit board divisions 120 

40 corresponding to currently non -tested radio frequency 
modules to the ground. During the test, the radio fre- 
quency power input/output characteristics, the gain, the 
power efficiency and the like, of the radio frequency 
module, can be measured, A radio frequency input 

45 power is supplied through a pattern Sin, a power ampli- 
fied by the radio frequency module is output through a 
pattern Sout and a direct current bias is applied through 
patterns S1 to the radio.frequency module. The respec- 
tive patterns Sin.Sljand Sput-are contacted with the 

so associated terminals of.the radio frequency module. 

. Figure 1 1 is a plan y[ew : of the tester substrate 160 
• as seen from above the surface on which the undivided 
circuit board 100 is.placed. The tester substrate 1 60 has 
. .. patterns Sia. Sl>^nd-5out (e.g., associated with the 
-■55., ; external connection patterns Min, Ml and Mout shown 
in Figure 6B, respectively) such that the radio frequency 
modules can be individually tested one by one. The pat- 
tern Sin receives a radio frequency signal output from 
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the radio frequency module and the pattern Soul out- 
puts a radio frequency signal to the radio frequency 
module. The patterns S1 supply a direct current bias to 
the radio frequency module. By applying a pressure 
thereto, the patterns Sin, S1 and Sout can be respec- 
tively connected to the external connection patterns 
Rflin, Rfl1 and Mout of the radio frequency module at an 
electrical resistance sufficiently low for testing. 

In the case where the characteristics of an individ- 
ual radio frequency module shown in Figure 10C are 
represented as values lower than the predetermined 
values, a laser beam 170 is used, thereby varying the 
values of chip components 48 such as resistors and 
capacitors which are mounted oh the radio frequency 
module and can be trimmed by laser. Then, the charac- 
teristics of the radio frequency module can be tested 
again after the characteristics of the radio frequency 
module have been adjusted. 

In the case of testing a plurality of radio frequency 
modules, the location of the laser beam 170 may be 
fixed and the tester substrate 160 may be moved (as 
indicated by the arrows 164), for example. As a result, a 
plurality of radio frequency modules on the undivided 
circuit board 100 can be tested and adjusted at a higher 
speed and the radio frequency modules can be fabri- 
cated more efficiently. A test and -adjustment loop may 
be repeatedly performed a desired number of times by 
using machinery. - 

In a step shown in Figure 10D, the shield members 
130 are mounted so as to cover the radio frequency 
modules in the respective circuit board divisions 120 
therewith". The mounting of the shield members 130 
shown in Figure 10D is performed after the test and the 
adjustment shown in Figure 10C have been completed. 
Each of the shield members 130 is made of a metallic 
thin plate, for example, and shields a completed radio 
frequency module from an electromagnetic interruption 
from an external circuit (e.g., a mobile communication 
unit) when the radio frequency module operates. For 
example, the shield member 130 is soldered with the 
metal film 10 shown in Figure 6A and is electrically con- 
nected to the ground surface on the back surface of the 
printed circuit board through the via holes. Figure 1 0E is 
a cross-sectionai view v taken" along the line XD-XD 
shown in Figure 10D. 

It is noted that, when the laser trimming is not nec- 
essary, the test may be performed after the shield mem- 
bers 130 have been mounted as shown in Figure 10E. 
When the radio frequency moduie incorporated into an 
actually used machine is actually operated/the radio 
frequency module is shielded by the shield member 
130. Thus, if the test is performed after the shield mem- 
ber 130 has been mounted, then the radio frequency 
module can be tested" more precisely,- because the test 
is performed under an environment closer to an actual 
operating environment- 

Finally, in a step shown in Figure 10F, the undivided 
circuit board 100 is divided into the respective circuit 



board divisions 120, thereby completing the radio fre- 
quency modules. 

As has been described with reference to Figures 
10A to 10F, in the method for fabricating the radio fre- 

5 quency module according to the present invention, a 
plurality of radio frequency modules are first mounted in 
the circuit board divisions 120 on the undivided circuit 
board 100. Next, in such a state where the radio fre- 
quency modules have been mounted on the undivided 

w circuit board 100, test and adjustment of the respective 
modules and mounting of the shield members are 
simultaneously performed on the basis of the undivided 
circuit board 100. As a result, the fabrication process 
* can be simplified and automated. The test and the 

15 adjustment of the radio frequency modules are enabled 
not on the basis of a single circuit board division 1 20 but 
on the basis of a single undivided circuit board 100. This 
is partly because the radio frequency module of the 
present invention includes a metal film having a radia- 

20 tion effect on the back surface thereof and because the 
radio frequency module of the present invention 
includes external connection patterns (such as Rflin, M1 
and Mout shown in Figure 6B) on the back surface of 
the printed circuit board. 

25 In the conventional technologies, in order to oper- 
ate a radio frequency module including a heat generat- 
ing semiconductor device, a radiator plate is required to 
be mounted even during a test. In order to mount the 
- radiator plate, the undivided circuit board 100 must be 

30 once divided. Thus, there is no means other than per- 
forming test, adjustment and shield member mounting 
on an individual radio frequency module. In other words, 
it has been extremely difficult to perform automated 
works on an individual radio frequency module by using 

35 machinery. Consequently, in the conventional technolo- 
gies, the steps shown in Figures 10C and 10D have 
been performed manually. In addition, in the conven- 
tional technologies, it has been necessary to mount the 
lead terminals onto a radio frequency module for testing 

40 the module. . " 

In contrast, according to the present invention, the 
test, adjustment and mounting steps can be performed 
while the radio frequency modules are still mounted on 
the undivided circuit board 100. Thus, an effect can be 

45 attained in that the fabrication process of the radio fre- 
quency modules can be automated consistently. That is 
to say, after the undivided circuit board 100 itself has 
been completed, all the process steps including the 
mounting of the components, the test of the circuits, the 

so parameter adjustment of the components, the provision 
of the shield members and the division into the respec- 
tive modules can be performed preferably by machinery 
without dividing the undivided circuit board 100 until the 
final step. In addition, since the radiator plate and the 

55 : * lead^erminals can be eliminated, the present invention 

. « considerably contributes to the downsizing of a radio 
• frequency module. 

Figures 12A and 12B are views showing another 
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exemplary substrate used for testing the radio fre- 
quency module. A tester substrate 180 corresponds to 
the tester substrate 160. A ground electrode 182 and 
patterns Tin, T1 and Tout correspond to the ground 
electrode 162 and the patterns Sin, S1 and Sout, 
respectively. 

In this specification, a semiconductor device, more 
particularly an FET used for an amplifier, has been 
exemplified as a heat generating component. However, 
the heat generating component is not limited thereto. 
Alternatively, any other semiconductor device or pas- 
sive component may be used as the heat generating 
component. 

It is noted that the method for fabricating the radio 
frequency module according to the present invention is 
applicable to the radio frequency module having the 
embodiments described in the first and the second 
examples. That is to say, so long as the respective fab- 
rication process steps of the method described in the 
third example are performed, the method of the present 
invention is applicable either to a radio frequency mod- 
ule of much a type as having openings or to a radio fre- 
quency module of such a type as having via holes. 

As is apparent from the foregoing description, in the 
radio frequency module of the present invention, a heat 
generating semiconductor device is thermally and elec- 
trically coupled to a back-surface metal film having a 
thickness larger than that of a principal-surface metal 
film. As a result, the radio frequency module can be 
operated without mounting a radiator plate thereon and 
the number of required components and the size of the 
module can be reduced. In addition, while the radio fre- 
quency module is fabricated, the test, adjustment or 
mounting can be performed simultaneously on a plural- 
ity of radio frequency modules mounted on a single 
undivided circuit board. 

Moreover, in the radio frequency module of the 
present invention, external connection patterns are 
formed on the back-surface metal film by etching and 
patterning the back-surface metal film so .that the lead 
terminals can be omitted. 

Furthermore, in the radio frequency module of the 
present invention, a semiconductor device is mounted 
inside an opening provided, through the printed circuit 
board, thereby reducing the thickness of the module. 

Furthermore, in the radio frequency module of the 
present invention, the semiconductor device can be 
coupled thermally and electrically to the back-surface 
metal film by providing the via holes through the printed 
circuit board. As a result, the radiator plate can be omit- 
ted even when the openings are not formed. 

Various other modifications will be .apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that i the scoperof the 
■ claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 



Claims 

1 . A radio frequency module comprising 

5 an insulating substrate having a first metal film 

on a first principal surface thereof and a second 
metal film on a second principal surface thereof 
opposed to the first principal surface and 
* a semiconductor device, 

w . wherein the semiconductor device is 

thermally and electrically coupled to the sec- 
ond metal film, 

and wherein a thickness of the second 
metal film is larger than that of the first metal 

is film. 

2. A radio frequency module according to claim 1 , fur- 
ther comprising an opening extending through the 
first metal film and the insulating substrate, 

20 wherein the semiconductor, device is ther- 

mally and electrically coupled to the second metal 
film located inside the opening. 

3. A radio frequency module according to claim 1 , fur- 
25 ther comprising a via hole for thermally and electri- 

. cally coupling the first metal film to the second 
metal film, 

wherein the semiconductor device is ther- 
mally and electrically coupled to the second metal 
30 film through the via hole. 

4. A radio frequency module according to claim 2, 
wherein the thickness of the first metal film is from 
about 10 urn to about . 100 jum, both inclusive, and 

35 the thickness of the second metal film is from about 
100 pm to about 1000 ^m, both inclusive. 

5. A radio: frequency , module according to claim 4, 
. wherein the thickness of the first metal film is from 

40 about 30 um to. about 50 m™. both inclusive, and the 
. thickness of the second metal film is from about 200 
um to about 300 nrryboth inclusive. 

6. A radio frequency module according to claim 2, 
45 wherein the first metal film or the second metal film 

includes a multi-layer structure of cop- 
per/nickel/gold Jayers or a. multi-layer structure of 
copper/titanium/gpjd. layers, 

and wherein tne ri copper/nickel/gold layers 
so and . the copper/titanium/gold layers are stacked 
such that distances from a center in a thickness 
■. ; direction,, of the , second metal film to the cop- 
per/nickel/gold .layers and the. copper/titanium/gold 
•.>. Jayer ; s increase. in this order. . 

7. A radio frequency module according to claim 2. 
wherein the semiconductor device is sealed inside 
a package. f . 
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8. A radio frequency module according to claim 2, 
wherein the semiconductor device is a bare chip. 

9. A radio frequency module according to claim 2, 
wherein the semiconductor device is mounted on a 
metal block. 

10. A radio frequency module according to claim 2, 
wherein the semiconductor device is coupled to the 
second metal film thermally at a heat resistance of 
about 3°C/W or less and electrically at an electrical 
resistance of about 1 Q or less. 

11. A radio frequency module according to claim 2, 
wherein the second metal film is patterned. 

12. A radio frequency module according to claim 11, 
wherein at least a part of the patterned second 
metal film is electrically coupled to the first metal 
film through a via hole. 

.13. A radio frequency module according to claim 3, 
wherein the thickness of the first metal film is from 
about 10 jam to about 1G0 urn, both inclusive, and 
the thickness of the second metal film is from about 
100 fim to about 1000 ^m, both inclusive. 

14. A radio frequency module according to claim 13, 
wherein the thickness of the first metal film is from 
about 30 urn to about 50 ^m, both inclusive, and the 
thickness of the second metal film is from about 200 
jam to about 300 ^m, both inclusive. 

15. A radio frequency module according to claim 3, 
wherein the first metal film or the second metal film 
includes a multi-layer structure of cop- 
per/nickel/gold layers or a multi-layer structure of 
copper/titanium/gold layers, 

and wherein the copper/nickel/gold layers 
and the copper/titanium/gold layers are stacked 
such that distances from a center in a thickness 
direction of the second metal film to the cop- 
per/nickel/gold layers and the copper/titanium/gold 
layers increase in this order. 

16. A radio frequency module according to claim 3, 
wherein the semiconductor device is sealed inside 
a package. 

17. A radio frequency module according to claim 3, 
wherein the semiconductor device is a bare chip. 

18. A radio frequency module according to claim 3, 
wherein the semiconductor device is mounted on a 
metal block. 

19. A radio frequency module according to claim 3, 
wherein the semiconductor device is coupled to the 



second metal film thermally at a heat resistance of 
about 3°C/W or less and electrically at an electrical 
resistance of about 1 O or less. 

5 20.. A radio frequency module according to claim 3, 
wherein the second metal film is patterned. 

21. A radio frequency module according to claim 20, 
wherein at least a part of the patterned second 

10 metal film is electrically coupled to the first metal 
film through a via hole. 

22. A method for fabricating a radio frequency module, 
comprising the steps of 

75 - 

providing an opening through an insulating 
substrate and a first metal film, the insulating 
substrate having the first metal film formed on a 
first principal surface thereof and a second 

20 metal film formed on a second principal surface 

thereof opposed to the first principal surface, a 
thickness of the second metal film being larger 
than that of the first metal film, and 
coupling thermally and electrically a semicon- 

25 . ductor device to the second metal film located 
inside the opening. 

23. A method for fabricating a radio frequency module 
according to claim 22, comprising the steps of: 

30 

, , ■ thermally and electrically coupling the semi- 

conductor device to the second metal film 
located inside the opening in an undivided sub- 
strate in which a plurality of said insulating sub- 

35 strates are combined; 

performing a test or an adjustment of charac- 
teristics of each of a plurality of radio frequency 
modules formed on the plurality of insulating 
substrates.while the undivided substrate is still 

*o undivided and after the step of coupling; and 

dividing the undivided substrate into the plural- 
ity of insulating substrates after the step of per- 
forming the test or the adjustment. 

45 24. A method for fabricating a radio frequency module 
according to claim 22, comprising the steps of: 

thermally and electrically coupling the semi- 
conductor device to the second metal film 
so located inside the opening in an undivided sub- 

strate in which a plurality of said insulating sub- 
strates are combined; 

mounting shield members onto the plurality of 
i- ■ . insulating substrates while the undivided sub- 
55 • strata is still undivided and after the step of 

* • coupling; and 

- dividing the undivided substrate into the plural- 
ity of insulating substrates after the step of 
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mounting the shield members. 

25. A method for fabricating a radio frequency module 
according to claim 22. wherein the step of thermally 
and electrically coupling the semiconductor device 
to the second metal film located inside the opening 
includes a step of mounting the semiconductor 
device onto the second metal film via solder. 

26. A method for fabricating a radio frequency module 
according to claim 25, wherein the step of providing 
the opening includes the steps of: 

opening a hole through the first metal film and 
the insulating substrate; 
selectively applying an adhesive onto any of 
the first metal film, the insulating substrate and 
the second metal film in accordance with a dis- 
tance from an edge portion of the opened hole; 
and 

attaching the first metal film, the insulating sub- 
strate and the second metal film to each other. 

27. A method for fabricating a radio frequency module 
according to claim 25, wherein the step of providing 
the opening includes the steps of: 

attaching the first metal film, the insulating sub- 
strate and the second metal film to each other; 
and 

opening a hole through the first metal film and 
the insulating substrate after the step of attach- 
ing. 

28. A method for fabricating a radio frequency module, 
comprising the steps of 

providing a via hole through an insulating sub- 
strate having a first metal film formed on a first 
principal surface thereof and a second metal 
film formed on a second principal surface 
thereof opposed to the first principal surface, a 
thickness of the second metal film being larger 
than that of the first metal film, the via hole cou- 
pling thermally and electrically the first metal 
- film to the second metal film, and 
thermally and electrically coupling a semicon- 
ductor device to the first metal film. 



modules formed on the plurality of insulating 
substrates while the undivided substrate is still 
undivided and after the step of coupling; and 
dividing the undivided substrate into the plural- 
5 ity of insulating substrates after the step of per- 

forming the test or the adjustment. 

30. A method for fabricating a radio frequency module 
according to claim 28, comprising the steps of: 

w 

thermally and electrically coupling the semi- 
conductor device to the first metal film in an 
undivided substrate in which a plurality of said 
insulating substrates are combined; 
is mounting shield members onto the plurality of 

insulating substrates while the undivided sub- 
strate is still undivided and after the step of 
coupling; and 

dividing the undivided substrate into the plural- 
20 ity of insulating substrates after the step of 

mounting the shield members. 

31. A method for fabricating a radio frequency module 
according to claim 28, wherein the step of thermally 

25 - and electrically coupling the semiconductor device 
to the first metal film includes a step of mounting the 
semiconductor device onto the first metal film via 
solder. 

30 



35 



40 



45 



29. A method for fabricating a radio frequency module so 
according to claim 28, comprising the steps of: 

thermally and electrically coupling the semi- 
conductor devise to the first metal film in an . 
undivided substrate In which a plurality of said 55 
insulating substrates are' combined; 
performing a test or an adjustment of charac- 
teristics of each of a plurality of radio frequency 
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semiconductor device (40). The semiconductor device 
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